Clay soil samples (0, 30, and 60 cm depths) were collected from two districts (Abu Al Khasib and Ad Dayr) in Basrah governorate in southern Iraq for gamma-ray spectroscopy. The activity concentrations for natural existing radionuclides in 18 soil samples were measured using high-purity germanium detector HPGe. From the obtained results of -ray spectroscopy, the 238 U activity concentrations were found to be ranging from 2.4 to 5.6 ppm with an average of 3.5 ppm in Abu Al Khasib and ranging from 2.1 to 4.5 ppm with an average of 2.9 ppm in Ad Dayr.
Introduction
Human beings are exposed to natural radiation sources. The natural sources include the cosmic radiations that come from the sun that start as charged particles, which interact with the earth's atmosphere to produce gamma and beta radiations. Natural radioactive materials are also included in soil, water, and vegetation known as terrestrial radiation. In addition to the cosmic and terrestrial sources, humans also have radioactive isotopes inside their bodies since childbirth. Humans are also exposed to the man-made radiation used in medical processes such as radiation treatment, nuclear medicine, and diagnostic X-rays. Besides medical applications, manmade radiations are received from nuclear-power reactors and facilities involved in nuclear weapons. The major risky source is the usage of depleted uranium in weapons used in wars, which constitutes a great danger for the population. DU has a half-life of 4.4 billion years and is used in nuclear reactors and in the manufacture of nuclear weapons.
A number of factors affect the terrestrial radiation exposure such as the concentration of radionuclides in soil. The most essential primal radionuclides are 238 U with half-life of 4.5 × 10 9 years, 232 Th with half-life 1.405 × 10 10 years, and 40 K with half-life of 1.277 ×10 9 years [1] . The concentration of radionuclides in air, water, soil, and rock were discussed in several studies [2] [3] [4] [5] .
Basrah, a city in southern Iraq of 1.6 million and 19.070 km 2 , has suffered from the spread of cancerous injuries and birth defects. High number of cancer cases among whom are children who are more sensitive to radiation than adults were 2 International Journal of Analytical Chemistry Formerly, we use the same samples that we will adopt in this work [7] to estimate the activity concentrations in Bq/kg; the average outdoor external dose, average indoor external dose, total average value of the external dose, average annual outdoor effective dose, average annual indoor effective dose, and averaged total annual effective dose have been estimated. Values for total average value of the external dose and averaged total annual effective dose were higher than the worldwide median in both regions. Additionally, the excess lifetime cancer risk has been also assessed and found to be higher than the worldwide averages.
As both areas are important and considered as a source to equip the Iraqi provinces with agricultural crops, this work has been adopted to extend the results obtained in previously published work [7] , to estimate additional radiation hazard indices that may affect the human health. In the present study, we aim to estimate the activity concentrations for radionuclides in ppm in clay soil samples for 238 U, 226 Ra, 232 Th, and 40 K and compared the results with the international confirmed surveys. Moreover, to distinguish regions that might be radiologically unsafe, the radium equivalent activity, the external hazard index, the internal hazard index, and the radioactivity level index were estimated and compared with each other and with worldwide estimated values.
Materials and Methods

Sample Collection and Preparation.
A total of 18 (9 from Abu Al Khasib and 9 from Ad Dayr) clay soil samples were collected from the study regions as shown in Figure 1 [7] . As shown in Figure 1 , only three sites were indicated in each of the sampling regions, since, from each indicated site, three samples were collected from (0, 30, 60 cm) depths using a plastic hand trowel. In each study region, a 1 m 2 sampling Figure 1 : Map of the surveyed area conducted using geomapapp [7] .
site was covered, each site located 1 m straight forward from the other. Samples were positioned in coded black plastic case about 1 kg each. The code's explanations are listed in Table 1 Table 2 .
As it is arduous to split the recorded low activity samples signal from the background radiation, the calculations were carried out employing a Pb shielding with a settled bottom and portable cover. The results for all samples were estimated using the efficiency as a function of energy, the energy as a function of number of channels, and the full width half maxima FWHM as a function of number of channels calibrations. The efficiency calibration was performed using different energy peaks to cover the energy range from 60 up to 2500 keV (Figure 2 
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The calibrations are saved and used in the acquisition program to apply the corrections for each sample. The average activity concentration of 238 U was measured from the median peak energies of 351. keV of 228 Ac [23] . All other radionuclides concentrations were estimated directly from its known peaks, as seen in Figures 3-5 for 1, 2, 3, 4,5,6 sample numbers. The calculated gamma spectra have been analyzed using Genie 2k Canberra software.
Results and Discussions
The Activity in Clay Soil from Abu Al Khasib and Ad
Dayr. 18 clay soil samples were collected from the indicated locations in Figure 1 using Global Positioning System (GPS). Three samples were collected from each indicated site at 0, 30, and 60 cm depths. The measured activity concentrations of 238 U, 232 Th, 40 K in the clay soil samples were listed in Table 3 . The levels of general radioactivity due to isotopes were listed in Bq/kg [7] . The concentrations of specific radioisotope in the samples were also measured in parts per million (ppm). Additionally, the maximum (max.), minimum (min.), average (ave.), standard deviation (stdev.), median (med.), and median absolute deviation (med. abs. div.) for the activity concentrations in Bg/kg and ppm have been included.
The concentrations in ppm of 238 U, 232 Th, 40 K were calculated from the measured activities in Bq/kg (Table 3) using the following experimental formula [24] :
where C is the activity concentration in Bq/kg, is the molecular weight (g/mol), is Avogadro's number, and 1/2 is the half-life in seconds. The measured conversion factors for each radionuclide has been listed in Table 4 , in addition to half-lives, and atomic masses used in the calculations.
Abu Al Khasib had 240,300 inhabitants and Ad Dayr 130,000 citizens in 2012. Statistics recorded a rise at the rate of birth defects from 3.2 cases per 1,000 births in 1990 to 22 cases per 1,000 births in 2000. Basrah witnessed the birth of 300 deformed children within one year [6] . In both Abu Al Khasib and Ad Dayr, the activity concentration has been measured and analyzed to focus on the radiological environment of both Abu Al Khasib and Ad Dayr.
Uranium can be found spontaneously in the environment in very little magnitudes in air, soil, rocks, and water. In air, the uranium concentrations are very low. In water, most of the uranium is thawed uranium that is obtained from rocks and soil that the water moves over. The quantities of uranium in drinking water are usually low. Uranium is found in soils in changing concentrations that are typically very low. People constantly encounter exposure to a particular magnitude of uranium from food, air, soil, and water, as it spontaneously existed in all these elements. Individuals who settle nearby hazardous waste locations and eat yields farmed in contaminated soil may suffer a stronger exposure than other people. When humans are exposed to uranium radionuclides that are created throughout radioactive decay for a long interval, they possibly will develop cancer. The possibilities of obtaining cancer are much higher when persons are exposed to enriched uranium, since that is a further radioactive form of uranium. This form of uranium provides harmful radiation, which can cause people to evolve cancer within a few years.
As shown in Table 3 (Table 3) were compared with estimated values in the soil of different countries (Table 5) . Furthermore, the worldwide average data were also included for comparison. High 238 U concentration levels were recorded in both study regions, greater than the world average and greater than some countries listed in the table. The concentrations of 232 Th, 40 K are within the normal limits in both regions. In some locations (sites 1 and 6) high levels of 40 K concentrations were recorded. exists at absolute low levels in the natural environ, substantially, in all rocks, soil, and water; furthermore, it is a decay product of uranium and thorium. Hence, where uranium and thorium appear at fairly elevated grades in rocks or soil, radium is as well found at elevated levels. As shown in Table 5 , 226 Ra activity ranging from 37.40 to 99.60 Bq/kg with an average of 58.44 Bq/kg in Abu Al Khasib and ranging from 32.00 to 75.40 Bq/kg with an average of 45.71 Bq/kg in Ad Dayr. According to UNSCEAR report [10] , extreme high levels of radium were recorded in both regions, higher than the world average and some of the countries included. Back to Figures 3, 4 , and 5, cesium activities of 4.60 and 1.80 Bq/kg were recorded in Abu Al Khasib (samples 3 and 6) and an activity of 1.10 Bq/kg in Ad Dayr (sample 10).
In Table 6 , the present study massic concentrations in clay soil of 238 U, 232 Th, and 40 K were compared with randomly International Journal of Analytical Chemistry 7 selected countries evaluations in clay soil around the world and with the worldwide averaged values. The averaged 238 U (ppm) concentration attained in this study is greater than the world average value and also greater than some listed countries. The concentration of 232 Th (ppm) is lower than the world average but higher than some listed countries. The K(%) concentration is lower than the world average and lower than the listed countries. Both of the study locations are farming areas in which plowing and mixing of the soil take place to prepare it for agriculture; as a result, there is no particular order of contamination with depth.
The Radiation Hazard Indices.
It is significant to evaluate the -ray radiation hazards of soil to human beings on Abu Al Khasib and Ad Dayr. The -ray radiation hazards due to the natural radionuclides 226 Ra, 232 Th, and 40 K were assessed by various radiation hazard indices. Radium equivalent activity is widely used to identify the consistency of radiation 8
International Journal of Analytical Chemistry [21] exposure; consequently, any radium equivalent activity concentration that passes 370 Bq/Kg may raise radiation hazards. In the present study, was determined in Bq/kg using the following expression [25] :
where , , and ℎ are the activities for potassium, radium, and thorium, respectively.
The Ra activity concentration and in ( / ) calculated for the samples under study are listed in Table 7 .
The recorded values are ranging from 60.46 to 184.32 ( / ) with an average 110.94 ( / ) in Abu Alkhasib and from 77.24 to 156.97 ( / ) with an average 100.74 ( / ) in Ad Dayer. These values are less than the approved maximum value in building materials of 350 ( / ) [26] . Further important criterion used to estimate the level of gamma-ray radiation is defined by the external hazard index (H ex ) and the internal hazard index (H in ) which is defined as follows [26] [27] [28] 
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H ex is used to calculate the indoor radiation dose value due to the outward exposure to -radiation released by the natural radionuclides in the formation building substances of the lodging places. Moreover, the internal exposure to 222 Rn and its radioactive progeny are managed by . The radiation hazard considered as insignificant if both H ex and H in are less than one [29, 30] ; this is very significant to keep the concentration levels of radon and its short-lived daughters low enough for the respiratory organs of humans living comparable to the recorded international levels of 40 Bq m −3 [10] . For both H ex and H in to be less than one, the maximum values of Ra eq must be less than 370 Bq/kg and 185 Bq/kg, respectively. The estimated results of H ex for clay soil (Table 7) . This implies that the external and internal hazard indices estimated in this study are below the recommended limit.
The radioactivity level index is used to monitor radiation inside the human body and to compute the risky level of radionuclides in the human body when exposed to an amount of indoor or outdoor annual effective doses ofradiations from radioactive nuclides in soils. The estimated values of should be less than or equal to one to make sure the soil environment is hazard-free. In this work, calculated to certify that such radiation does not exceed the world high dose values [31] . Values of were calculated according to the following formula [32] 
As illustrated in Table 7 is ranging from 0.41 to 1.32 with an average of 0.8 in Abu Al Khasib and ranging from 0.57 to 1.13 with an average of 0.73 in Ad Dayer. In most soil samples, the calculated values of are close to or higher than 1, which implies that these soil samples should be avoided and not used in agriculture or in building materials [31] .
The results show that the increased incidence of cancer and neonatal abnormalities is related to the higher concentration of radionuclides in the soil, as the rates of cancer and deformities were not so high before the wars and the presence of military barracks in those areas until the time that the samples have been collected.
Conclusions
Estimations on clay soil samples were carried elementally for 238 
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The data used to support the findings of this study are available from the corresponding author upon request.
